Abstract. In order to accurately collect ECG signals and analyze HRV, the HRV analysis system was designed in this paper. The system used high integration and single lead analog front-end AD8232 chip, which only need two electrodes to measure the body's ECG signals. Simultaneously, the system takes low power consumption microprocessor MSP430 as the main core to collect and process the ECG signals. Then the ECG signals can real-time transmit to the computer through the Bluetooth. In the upper computer we real-time display the ECG signals, and HRV time domain analysis, frequency domain analysis, nonlinear analysis and other functions are realized. The actual test results indicate that the ECG signals collected are accurate, stable, and less noise, and the time domain and frequency domain analysis results are accurate, reliable. The system is low power consumption, small size, which can realize the basic function of HRV analysis.
Introduction
HRV can be used as a means of non-invasive cardiac autonomic nerve regulation function, which is noninvasive, quantitative, repeatable, and has important significance in the current cardiovascular disease detection and functional rehabilitation. HRV is also great role in prevention and health monitoring of human health and disease [1] . HRV analysis by measuring continuous normal cardiac cycle is results of the neurohumoral fine adjusting the cardiovascular system, and reflects the balance of neurohumoral and the senatorial node.
HRV actually reflects the sinus rhythm should be P-P interval, however, due to it is difficult to accurate detect the P-P interval, and in general, it is equal to the R-R interval, so HRV analysis is used the R-R interval current.
The existed ECG monitoring products have HRV analysis function, but the equipment is large volume, high power consumption, and expensive. With the development of the highly integrated sensor, the medical monitoring system is gradually developed to the miniaturization, intelligent, customizable and wearable [2] . In this system, we use AD8232 as the ECG signal acquisition module, build the ECG signal acquisition circuit, and realize the real-time ECG signal acquisition and wireless transmission. At the same time, we obtain real-time ECG data and waveform in PC; complete the HRV time domain and frequency domain analysis.
Design of hardware system

System design process
The hardware system consists of biomedical signal electrode, AD8232 ECG acquisition module, communication module, control module and the host computer. The ECG signal into AD8232 ECG acquisition module through the electrode which is contact with the human body and the lead wire. AD8232 realizes analog amplifying, analog filtering. The analog ECG signals are changed digital and preprocessed by MSP430 microcontroller, and through the Bluetooth CC254X transmitted to the host computer for display, recording, storing, data processing, HRV time domain analysis, frequency domain analysis and realize the HRV monitoring and analysis of ECG signals. The hardware principle diagram is shown in Figure 1 . 
ECG signal acquisition
The system uses a high integrated single lead heart rate simulate front-end AD8232 chip, which only need 2 electrodes can measure the body's ECG signal.AD8232 is a signal for integration conditioning module for ECG and other biological electrical measurement. In order to improve the system line frequency and common mode rejection , it built-in a special instrumentation amplifier (IA), an operational amplifier (A1), a right-leg driving amplifier (A2) and an reference voltage buffer (A3), which assist it to amplify ECG signal and reject the half-cell potential of electrode. In order to obtain ECG waveform with the minimum distortion, AD8232 is configured with a 0.5 Hz dual pole high-pass filter, and followed a double pole, 40 Hz, low-pass filter to eliminate additional noise [3] .
Signal processing
The system uses MSP430 microcontroller as the core chip of signal processing which is ultra low power MCU produced by TI company, it is also the world's first electronic medical market launch of the SCM solutions. It makes the design of electronic medical instrument with low power consumption, small volume, and simple [4] . MSP430 achieve the acquisition of ADC, calculated the value of heart rate, ECG signal filtering, data transmission, setting up sleep functions to ECG signal collected by AD8232. The wireless data transmission uses the RF transceiver based on CC254X, which includes the transmitter and the receiver. MSP430F552x configure CC254X to control RF transceiver. The system uses MSP430 development tools debugged the wireless transceiver module and verified the feasibility of wireless communication.
Design of software system
Design of microprocessor software system
The microcontroller calculates the real-time heart rate and average heart rate through analyzing the ECG data in data buffer. The software part mainly includes system initialization, heart rate calculation, and Bluetooth communication. The main program flow diagram is as shown in Figure 2 . When we calculate the heart rate, the adjacent R-R interval of the ECG signal must be required, as long as the number of sampling points of the R-R interval. In this design, we define two variables in the main function: counter and pulse cycle. Each sampling signal output of QRS resolution compares with a minimum value advance set, so that to detect every heartbeat. If each heart beat is detected, then the counter is restarted. If 20 consecutive sampling can not detect QRS wave group, we consider once beat. Pulse-period is a cumulative value of three consecutive beats, and the third Pulseperiod is used to calculate the value of heart rate per minute and reset to zero. Heart rate value calculation formula is shown in Equation 1.
Design of pc software system
When we analyze HRV need to obtain the ECG data and record, then analyze the time domain and frequency domain, so that extract the main parameters and frequency band of HRV.
The time domain analysis can evaluate the activity of the autonomic nervous system which is based on the variation of RR interval. The clinical commonly used HRV time domain indexes include MEAN RR (average heart rate), SDNN (heart rate variability standard deviation) and RMSSD (continuous difference square root) [5] [6] . Among them, MEANRR reflects the average R-R interval which defined as follows:
SDNN reflects the degree of heart rate variability, the ability to maintain automatic dynamic balance and resistance to stress, as defined in equation (3):
RMSSD is used to assess the degree of functional activity of the cardiac parasympathetic nerve, which is lower than that of healthy individuals before abnormal heart disease or abnormal symptoms, as shown in equation (4) 
The implementation process of HRV time domain analysis is shown in Figure 3 . Firstly, the input data need to average, and then calculate the standard deviation, the standard deviation of average, standard deviation by heart rate variability index, square root mean square RR interval length difference, square root of continuous difference index, and finally the above indicators provide clinical [7] . The frequency domain analysis can evaluate the autonomic balance degree of autonomic nerve. the high frequency (LF) of heart rate variability represents the parasympathetic nerve function, the low frequency (LF) represents the overall function of autonomic nervous system, and the low frequency component ratio represents the sympathetic nervous function.
The implementation process of HRV frequency domain analysis is shown in Figure 4 , it need to FFT to the HRV data firstly, then use the elliptical filter to generated the low frequency LF wave between 0.04-0.15Hz reflected in blood pressure regulation, and the high frequency LF wave between 0.15-0.40Hz reflected the respiratory activity, and the total energy of TP wave between 0.01-0.40Hz reflected the autonomic nervous activity and the regulating ability of ANS. Then calculate the energy value of the LF and HF signal and the ratio of LF/HF, finally generate the results of HRV analysis in frequency domain. The index of LF/HF reflects the degree of equilibrium between the sympathetic and parasympathetic nerve, and the ratio is too small or too large reflects the main nerve abnormalities. 
Experimental results
In order to verify the accuracy of signal acquisition and HRV analysis, a lot of experiments are made. Firstly, we obtain ECG signal using AD8232 module, and the data obtained transmit to PC by the Bluetooth, and draw the ECG waveform on PC, one set of results is shown in Figure 5 . We can clearly distinguish between QRS wave and T wave, and the ECG signal is stable, low noise and no distortion. Figure 6 shows that the ECG signal is sent to the host computer through the Bluetooth after analog to digital conversion. 
Conclusions
HRV analysis can be used as a means of checking up non-invasively the regulation function of the cardiac autonomic nerve, and has important significance in the current cardiovascular disease detection and functional rehabilitation. According to the traditional HRV analysis system of large volume, high power consumption, HRV analysis system based on AD8232 ECG acquisition as the core chip is designed. We completed the HRV pretreatment circuit of ECG acquisition module and PC software for HRV time domain analysis and frequency domain analysis, and realizes the ECG signal acquisition accurate, stable transmission, waveform display on PC, and accurate analysis time frequency domain, the final test results are given. The HRV system we designed is miniaturized, intelligent, portable design style, which can satisfy the application of detection and rehabilitation and other aspects of the general clinical ECG monitoring of cardiovascular disease demand, and has broad application prospects.
